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(57) A particular data item is arranged two-dimen- 
sionally, distributed both on the frequency axis and on 
the time axis, by spreading in the time axis direction by 
means of time domain spreaders 102-1 through 102-N 



data converted to parallel form by an S/P section 101, 
and rearranging post-spreading chips on the frequency 
axis by shifting them step-wise in the carrier frequency 
upward or downward direction by means of a rearrang- 
ing section 103. 
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Description 

Technical Field 

[0001] The present invention relates to a radio com- 
munication apparatus and radio communication method 
for use in a digital communication system, and more par- 
ticularly to a radio communication apparatus and radio 
communication method that perform radio communica- 
tions with a combination of a multicarrier modulation 
method such as the OFDM (Orthogonal Frequency Di- 
vision Multiplexing) modulation method, and a CDMA 
(Code Division Multiple Access) method. 

Background Art 

[0002] Nowadays, in radio communications, and es- 
pecially in mobile communications, various kinds of in- 
formation such as images and data are transmitted as 
well as voice. Henceforth, demand for the transmission 
of various kinds of content is expected to continue to 
grow, further increasing the necessity of highly reliable, 
high-speed transmission. However, when high-speed 
transmission is carried out in mobile communications, 
the effect of delayed waves due to multipath propaga- 
tion can no longer be ignored, and transmission char- 
acteristics degrade due to frequency selective fading. 
[0003] Multicarrier modulation methods such as the 
OFDM modulation method are drawing attention as one 
kind of technology for combating frequency selective 
fading. A multicarrier modulation method is a technology 
for effectively performing high-speed transmission by 
transmitting data using a plurality of carriers (subcarri- 
ers) whose speed is suppressed to a level at which fre- 
quency selective fading does not occur. With the OFDM 
modulation method, in particular, the subcarriers on 
which data is placed are mutually orthogonal, making 
this the multicarrier modulation method offering the 
highest spectral efficiency. Moreover, the OFDM modu- 
lation method can be implemented with a comparatively 
simple hardware configuration. For these reasons, var- 
ious studies are being undertaken concerning the 
OFDM modulation method as a frequency selective fad- 
ing countermeasure. 

[0004] Also, a spread spectrum method is another 
technology for combating frequency selective fading. A 
spread spectrum method is a technology that improves 
interference immunity by spreading a signal along the 
frequency axis by means of a spreading code called a 
PN code to obtain spreading gain. Spread spectrum 
methods include a direct spreading method and a fre- 
quency hopping method. Of these, a CDMA (Code Di- 
vision Multiple Access ) method using direct spreading 
has been decided on for use in the next-generation mo- 
bile communication system IMT-2000. 
[0005] OFDM-CDMA methods combining the OFDM 
modulation method and CDMA method have recently 
been a focus of attention. OFDM-CDMA methods are 



broadly divided into time domain spreading and fre- 
quency domain spreading. Time domain spreading and 
frequency domain spreading methods are described be- 
low. 

5 [0006] First, time domain spreading will be described. 
FIG.1 is a diagram showing the state of digital symbols 
before modulation processing, and FIG.2 is a diagram 
showing the chip arrangement after modulation 
processing using the time domain spreading method. 

10 With time domain spreading, N digital symbols (serial 
data stream) (FIG.1) are converted to parallel data 
streams, and then each digital symbol is multiplied by a 
spreading code with spreading factor M. After spread- 
ing, chips undergo sequential inverse fast Fourier trans- 

15 form (IFFT) processing one chip at a time with N chips 
in parallel. As a result, M OFDM symbols with N subcar- 
riers are generated. That is, with time domain spreading, 
after spreading, chips are arranged in time series on the 
respective subcarriers (FIG.2). 

20 [0007] Assuming that one digital symbol prior to mod- 
ulation processing uses radio resources of time width T 
and frequency band width B (FIG.1), after modulation 
processing, one chip will use time width NxT/M and fre- 
quency band width MxB/N. Therefore, the area occu- 
rs pjed by each digital symbol in the time-frequency do- 
main is MxTxB, M times the area occupied by one dig- 
ital symbol prior to modulation processing. 
[0008] If, for example, number of digital symbols N = 
8, and spreading factor M = 8, the OFDM symbol signal 

30 pattern generated by the time domain spreading method 
is as shown in FIG.3. As shown in this diagram, with the 
time domain spreading method, eight digital symbols 
differentiated by black-and-white shading on the fre- 
quency axis are assigned sequentially, one chip at a 

35 time, each to a different one of subcarriers f1 through 
f8, and eight OFDM symbols are generated at to through 
t7. 

[0009] Next, frequency domain spreading will be de- 
scribed. FIG.4 is a diagram showing the arrangement of 

40 chips after modulation processing using the frequency 
domain spreading method. With frequency domain 
spreading, a serial data stream comprising N digital 
symbols (serial data stream) (FIG.1) are multiplied, one 
symbol at a time, by a spreading code with spreading 

45 factor M. After spreading, chips undergo sequential 
IFFT processing one symbol at a time with M chips in 
parallel. As a result, N OFDM symbols with M subcarri- 
ers are generated. That is, with frequency domain 
spreading, after spreading, chips are arranged along the 

50 frequency axis at their respective times (FIG.4). In other 
words, after spreading, chips are arranged on different 
subcarriers. 

[001 0] Assuming that one digital symbol prior to mod- 
ulation processing uses radio resources of time width T 
55 and frequency band width B (FIG.1), as described 
above, after modulation processing, one chip will use 
time width NxT and frequency band width B/N. There- 
fore, the area occupied by each digital symbol in the 
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time-frequency domain isMxTxB, as with time domain 
spreading, M times the area occupied by one digital 
symbol prior to modulation processing. 
[001 1] If, for example, number of digital symbols N = 
8, and spreading factor M = 8, the OFDM symbol signal 
pattern generated by the frequency domain spreading 
method is as shown in FIG.5. As shown in this diagram, 
with the frequency domain spreading method, eight 
OFDM symbols are generated sequentially at tO through 
t7 for eight digital symbols differentiated by black-and- 
white shading on the time axis. At this time, the eight 
chips for each digital symbol are assigned each to a dif- 
ferent one of subcarriers f1 through f8. 
[0012] By using a time domain spreading method or 
frequency domain spreading method as described 
above, it is possible to achieve efficient reuse and obtain 
a statistical multiplexing effect. Moreover, faster data 
transmission can be achieved than with single-carrier 
CDMA. Reuse is the ability to use the same frequency 
in an adjacent cell. A statistical multiplexing effect is the 
ability to accommodate more user signals when data 
presence occurs randomly according to the user than in 
the case of continuous transmission according to a de- 
crease in energy in an interval in which there is no re- 
ciprocal transmission. 

[0013] However, with the time domain spreading 
method, if a particular digital symbol is considered, since 
a plurality of post-spreading chips are arranged in a time 
series at the same frequency (FIG. 2 and FIG. 3), multi- 
path separation is possible and a path diversity effect is 
obtained, but a frequency diversity effect is not obtained. 
Therefore, if transmission power control is imperfect due 
to radio channel conditions, transmission characteris- 
tics degrade precipitously. Also, even when transmis- 
sion power control is performed perfectly, the resulting 
increase in the transmission power causes problems 
such as greater battery consumption at a mobile station 
apparatus, larger amplifier size, and greater interfer- 
ence with other cells. 

[0014] Also, with the frequency domain spreading 
method, if a particular digital symbol is considered, since 
a plurality of post-spreading chips are arranged on dif- 
ferent subcarriers at the same time (FIG.4 and FIG.5), 
a frequency diversity effect is obtained, but path sepa- 
ration is not possible and a path diversity effect is not 
obtained. As RAKE combination can therefore not be 
used, it is not possible to reduce multipath distortion. 
Also, if a plurality of user signals are code division mul- 
tiplexed on each subcarrier, even if orthogonal codes 
are used in spreading processing, orthogonality cannot 
be maintained because of the influence of multipath dis- 
tortion, and therefore the level of code division multiplex- 
ing is limited. Moreover, the influence of signal extrac- 
tion timing variations in a Fourier transform is increased. 

Disclosure of Invention 

[0015] It is an object of the present invention to pro- 



4 

vide a radio communication apparatus and radio com- 
munication method that enable both a frequency diver- 
sity effect and a path diversity effect to be obtained, and 
transmission characteristics to be improved compared 
5 with heretofore, in radio communications in which a mul- 
ticarrier modulation method and CDMA method are 
combined. 

[0016] In order to achieve the above object, in the 
present invention, in radio communications in which a 

10 multicarrier modulation method and CDMA method are 
combined, a plurality of chips after spreading of a par- 
ticular digital symbol that are conventionally arranged 
one-dimensionally, aligned either on the frequency axis 
or on the time axis, are arranged two-dimensionally, dis- 

15 tributed both on the frequency axis and on the time axis. 
By this means, it is possible to obtain both a frequency 
diversity effect and a path diversity effect in radio com- 
munications in which a multicarrier modulation method 
and CDMA method are combined. 

20 

Brief Description of Drawings 
[0017] 

25 FIG.1 is a diagram showing the state of digital sym- 
bols before modulation processing; 
FIG. 2 is a diagram showing the chip arrangement 
with a conventional time domain spreading method; 
FIG. 3 is a diagram of an OFDM symbol signal pat- 
30 tern with a conventional time domain spreading 
method; 

FIG. 4 is a diagram showing the chip arrangement 
with a conventional frequency domain spreading 
method; 

35 FIG.5 is a diagram of an OFDM symbol signal pat- 
tern with a conventional frequency domain spread- 
ing method; 

FIG. 6 is a block diagram showing the configuration 
of the transmitting side in a radio communication 
apparatus according to Embodiment 1 of the 
present invention; 

FIG. 7 is a block diagram showing the configuration 
of the receiving side in a radio communication ap- 
paratus according to Embodiment 1 of the present 
45 invention; 

FIG.8 is a diagram showing the chip arrangement 
of a radio communication apparatus according to 
Embodiment 1 of the present invention; 
FIG. 9 is a diagram of an OFDM symbol signal pat- 
50 tern transmitted from a radio communication 
apparatus, according to Embodiment 1 of the 
present invention; 

FIG. 10 is a block diagram showing the configura- 
tion of the transmitting side in a radio communica- 
55 tion apparatus according to Embodiment 2 of the 
present invention; 

FIG. 11 is a block diagram showing the configura- 
tion of the receiving side in a radio communication 
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apparatus according to Embodiment 2 of the 
present invention; 

FIG. 12 is a diagram showing the chip arrangement 
of a radio communication apparatus according to 
Embodiment 2 of the present invention; 
FIG. 13 is a diagram of an OFDM symbol signal pat- 
tern transmitted from a radio communication appa- 
ratus according to Embodiment 2 of the present in- 
vention; 

FIG. 14 is a diagram showing the chip arrangement 
of a radio communication apparatus according to 
Embodiment 2 of the present invention; 
FIG. 1 5 is a diagram of an OFDM symbol signal pat- 
tern transmitted from a radio communication appa- 
ratus according to Embodiment 2 of the present in- 
vention; 

FIG. 16 is a diagram of an OFDM symbol signal pat- 
tern transmitted from a radio communication appa- 
ratus according to Embodiment 2 of the present in- 
vention; 

FIG. 1 7 is a block diagram showing the configuration 
of the transmitting side in a radio communication 
apparatus according to Embodiment 3 of the 
present invention; 

FIG. 1 8 is a block diagram showing the configuration 
of the receiving side in a radio communication ap- 
paratus according to Embodiment 3 of the present 
invention; 

FIG. 1 9 is a diagram of an OFDM symbol signal pat- 
tern transmitted from a radio communication appa- 
ratus according to Embodiment 3 of the present in- 
vention; 

FIG.20 is a block diagram showing the configuration 
of the transmitting side in a radio communication 
apparatus according to Embodiment 4 of the 
present invention; 

FIG.21 is a block diagram showing the configuration 
of the receiving side in a radio communication ap- 
paratus according to Embodiment 4 of the present 
invention; 

FIG.22 is a diagram of an OFDM symbol signal pat- 
tern transmitted from a radio communication appa- 
ratus according to Embodiment 4 of the present in- 
vention; 

FIG. 23 is a block diagram showing the configuration 
of a radio communication apparatus according to 
Embodiment 5 of the present invention; and 
FIG.24 is a block diagram showing the configuration 
of a radio communication apparatus according to 
Embodiment 6 of the present invention. 

Best Mode for Carrying out the Invention 

[0018] With reference now to the accompanying 
drawings, embodiments of the present invention will be 
explained in detail below. The following descriptions 
take the OFDM modulation method as an example of a 
multicarrier modulation method. That is, a case is de- 



scribed in which the transmitted multicarrier signal is 
OFDM symbol. 

(Embodiment 1) 

5 

[0019] In this embodiment, a particular data item is 
arranged two-dimensionally, distributed both on the fre- 
quency axis and on the time axis, by spreading data on 
the time axis, and shifting each post-spreading chip 
10 step-wise in the carrier frequency upward or downward 
direction on the frequency axis, changing the arrange- 
ment. 

[0020] FIG. 6 is a block diagram showing the configu- 
ration of the transmitting side in a radio communication 

15 apparatus according to Embodiment 1 of the present in- 
vention. The transmitting side radio communication ap- 
paratus shown in FIG.6 comprises a serial/parallel con- 
version section (S/P section) 101, time domain spread- 
ers 102-1 through 102-N, rearranging section 103, in- 

20 verse fast Fourier transform section (IFFT section) 104, 
radio transmitting section 105, and antenna 106. 
[0021] FIG.7 is a block diagram showing the configu- 
ration of the receiving side in a radio communication ap- 
paratus according to Embodiment 1 of the present in- 

25 vention. The receiving side radio communication appa- 
ratus shown in FIG.7 comprises an antenna 201, radio 
receiving section 202, Fourier transform section (FFT 
section) 203, arrangement restoration section 204, time 
domain despreaders 205-1 through 205-N, RAKE sec- 

30 tions 206-1 through 206-N, and parallel/serial conver- 
sion section (P/S section) 207. 
[0022] The following description refers to a case 
where N digital symbols are transmitted in parallel. 
Therefore, the radio communication apparatus shown 

35 in FIG.6 is provided with N time domain spreaders, and 
the radio communication apparatus shown in FIG.7 is 
provided with N time domain despreaders and RAKE 
sections. 

[0023] First, in the transmitting side radio communi- 

40 cation apparatus shown in FIG.6, N digital symbols 1 
through N (serial data stream) shown in FIG.1 are con- 
verted to parallel data streams by the S/P section 101, 
and each of these is input to the corresponding time do- 
main spreader. That is, digital symbol 1 is input to time 

45 domain spreader 1 02-1 , digital symbol 2 is input to time 
domain spreader 102-2, and so on through to digital 
symbol N which is input to time domain spreader 1 02-N. 
[0024] In time domain spreaders 102-1 through 
102-N, digital symbols 1 through N are spread by means 

50 of a spreading code with spreading factor M. That is, 
digital symbols 1 through N are spread to M chips on 
the time axis. More specifically, digital symbol 1 is 
spread to tO through tM time chips by time domain 
spreader 102-1 , digital symbol 2 is spread to to through 

55 tM time chips by time domain spreader 102-2, and so 
on through to digital symbol N which is spread to tO 
through tM time chips by time domain spreader 102-N. 
The post-spreading data of M chips is input to the rear- 
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ranging section 103. Thus, chip arrangement data is 
stored in the rearranging section 103 as shown in FIG. 
2. That is, data of N symbols is stored in the frequency 
axis direction, and data of M chips is stored in the time 
axis direction. 

[0025] In the rearranging section 103, each post- 
spreading chip undergoes rearrangement by being 
shifted step-wise in the carrier frequency upward or 
downward direction on the frequency axis. Here, digital 
symbol 1 will be considered, taking the case where a 
shift is made in the carrier frequency upward direction. 
That is, chips 1 through M of digital symbol 1 spread in 
the time axis direction are shifted one step at a time in 
the carrier frequency upward direction as shown in FIG. 
8. This kind of shift processing is carried out on chips 1 
through M of digital symbols 1 through N. 
[0026] After rearrangement, chips are input sequen- 
tially to the IFFT section 104 with N in parallel, and un- 
dergo IFFT processing. As a result of performing IFFT 
processing after rearrangement has been performed in 
this way, first, OFDM symbols are generated with chip 
1 of digital symbol 1 assigned to subcarrier 1, chip 1 of 
digital symbol 2 assigned to subcarrier 2, and so on 
through to chip 1 of digital symbol N which is assigned 
to subcarrier N, and then OFDM symbols are generated 
with chip 2 of digital symbol N assigned to subcarrier 1, 
chip 2 of digital symbol 1 assigned to subcarrier 2, and 
so on through to chip 2 of digital symbol N-1 which is 
assigned to subcarrier N. M such OFDM symbols are 
generated. That is, a particular digital symbol is ar- 
ranged two-dimensionally, distributed both on the fre- 
quency axis and on the time axis. 
[0027] If, for example, number of digital symbols N = 
8, and spreading factor M = 8, the OFDM symbol signal 
pattern generated by the IFFT section 104 is as shown 
in FIG. 9. As shown in this diagram, in this embodiment, 
eight digital symbols differentiated by black-and-white 
shading are assigned sequentially, with the elapse of 
time, one chip at a time, each to a different one of sub- 
carriers f 1 through f8, and eight OFDM symbols are gen- 
erated at to through t7. That is, the eight chips into which 
digital symbol 1 is spread are arranged respectively at 
time tO of frequency f1 , time t1 of frequency f2, time t2 
of frequency f3, time t3 of frequency f4, time t4 of fre- 
quency f5, time t5 of frequency f6, time t6 of frequency 
f7, and time t7 of frequency f8. 
[0028] Similarly, each chip of digital symbols 2 
through 8, also, is arranged step-wise ahead of digital 
symbol 1 . For example, the chips of digital symbol 2 are 
arranged at time to of frequency f2, time t1 of frequency 
f3, time t2 of frequency f4, time t3 of frequency f5, time 
t4 of frequency f6, time t5 of frequency f7, and time t6 
of frequency f8. 

[0029] As shown in FIG.8, one chip uses a time width 
of NxT/M and a frequency band width of MxB/N. That 
is, the interval between subcarriers in OFDM symbol 
shown in FIG.9 is MxB/N. Therefore, the area occupied 
by each digital symbol in the time-frequency domain is 



MxTxB, M times the area occupied by one digital sym- 
bol prior to modulation processing. 
[0030] M OFDM symbols generated by the IFFT sec- 
tion 104 are input sequentially to the radio transmitting 
5 section 105, and after undergoing predetermined radio 
processing such as up-conversion, are transmitted from 
the antenna 106. 

[0031] In the receiving side radio communication ap- 
paratus shown in FIG.7, predetermined radio process- 

*o ing such as down-conversion is carried out by the radio 
receiving section 202 on OFDM symbols received via 
the antenna 201. After undergoing the predetermined 
radio processing, OFDM symbols are input to the FFT 
section 203. Signals of digital symbols 1 through N 

15 transmitted by means of subcarriers 1 through N are 
then extracted by having FFT processing performed on 
the OFDM symbols by the FFT section 203. Similar 
processing is performed for M OFDM symbols received 
sequentially, and the resulting signals are input to the 

20 arrangement restoration section 204. 

[0032] The arrangement restoration section 204 per- 
forms rearrangement that is the reverse of the rear- 
rangement performed by the rearranging section 103 in 
the transmitting side radio communication apparatus. 

25 By this means, the arrangement of chips is restored to 
what it was prior to rearrangement by the rearranging 
section 103. That is, the arrangement of chips is re- 
stored to the arrangement shown in FIG.2. After their 
arrangement has been restored, the chips are input, N 

30 in parallel, to time domain despreaders 205-1 through 

205- N and despread. After despreading, the data 
streams are input to RAKE sections 206-1 through 

206- N, respectively. 

[0033] RAKE sections 206-1 through 206-N perform 
35 RAKE combination processing that gathers together 
and combines delay path components along the time 
axis . That is, RAKE combination for digital symbol 1 is 
performed by RAKE section 206-1, RAKE combination 
for digital symbol 2 is performed by RAKE section 206-2, 
40 and so on through to RAKE combination for digital sym- 
bol N performed by RAKE section 206-N. After RAKE 
combination, digital symbols are input to the P/S section 
207. 

[0034] In the P/S section 207, digital symbols 1 
45 through N that were input in parallel from RAKE sections 
206-1 through 206-N are converted to a serial data 
stream and output. By this means, RAKE-combined dig- 
ital symbols 1 through N are obtained sequentially. 
[0035] Thus, in this embodiment, on the transmitting 
so side, data (digital symbols) assigned to a plurality of sub- 
carriers of different frequencies by means of S/P con- 
version are spread in the time elapse direction, and 
post-spreading chips are shifted step-wise in the carrier 
frequency upward or downward direction on the fre- 
55 quency axis, changing the arrangement, after which 
OFDM symbols are generated by IFFT processing. Al- 
so, on the receiving side, data that has undergone FFT 
processing is restored to its arrangement prior to being 
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rearranged on the transmitting side, and this restored 
data is despread in the time elapse direction. 
[0036] By this means, each item of data after de- 
spreading includes a plurality of components with differ- 
ent times and different frequencies. Thus, since a plu- 
rality of components with different frequencies are in- 
cluded, a frequency diversity effect is obtained. And 
since, at the same time, a plurality of components with 
different times are included, multipath separation is pos- 
sible at OFDM symbol precision, and consequently 
RAKE combination is possible, enabling multipath dis- 
tortion to be reduced. That is to say, a path diversity ef- 
fect is obtained. Also, it is possible to increase the level 
of code division multiplexing to enable orthogonality to 
be maintained when orthogonal codes are used in 
spreading processing. Moreover, the influence of varia- 
tions in signal extraction timing in Fourier transform 
processing can be suppressed. 
[0037] Furthermore, high-speed transmission power 
control is not necessary, and transmission power control 
precision and reflection time can be made less stringent. 
As a result, the precipitance of characteristic degrada- 
tion when transmission power control is imperfect, 
which has heretofore been a problem, can be alleviated. 
Moreover, it is possible to mitigate increase of battery 
consumption in mobile station apparatus, increase of 
amplifier size, increase of interference with other cells, 
and so forth, resulting from an increase in transmission 
power due to transmission power control. 
[0038] In this embodiment, a particular digital symbol 
is arranged two-dimensionally, distributed both on the 
frequency axis and on the time axis, by having each chip 
that has been spread on the time axis shifted step-wise 
in the carrier frequency upward or downward direction 
on the frequency axis. However, in this embodiment, the 
method of distribution on the frequency axis is not lim- 
ited to this, and any distribution method may be used as 
long as it is a method of distribution on the frequency 
axis based on a predetermined rule. 

(Embodiment 2) 

[0039] In this embodiment, a particular data item is 
arranged two-dimensionally, distributed both on the fre- 
quency axis and on the time axis, by spreading data in 
both the frequency domain and time domain-that is, by 
spreading data in both the frequency axis direction and 
time axis direction. 

[0040] FIG. 10 is a block diagram showing the config- 
uration of the transmitting side in a radio communication 
apparatus according to Embodiment 2 of the present in- 
vention. The transmitting side radio communication ap- 
paratus shown in FIG. 10 comprises a frequency domain 
spreader 301, S/P section 101, time domain spreaders 
102-1 through 102-M 1t IFFT section 104, radio transmit- 
ting section 105, and antenna 106. Parts in FIG. 10 iden- 
tical to those in Embodiment 1 (FIG.6) are assigned the 
same codes as in FIG.6 and their detailed explanations 



are omitted. 

[0041] FIG. 11 is a block diagram showing the config- 
uration of the receiving side in a radio communication 
apparatus according to Embodiment 2 of the present in- 

5 vention. The receiving side radio communication appa- 
ratus shown in FIG. 11 comprises an antenna 201 , radio 
receiving section 202, FFT section 203, time domain de- 
spreaders 205-1 through 205-M 1t RAKE sections 206-1 
through 206-M 1t P/S section 207, and frequency do- 

10 main despreader401. Parts in FIG. 11 identical to those 
in Embodiment 1 (FIG.7) are assigned the same codes 
as in FIG.7 and their detailed explanations are omitted. 
[0042] The following description refers to a case 
where 1 through N digital symbols are spread on the 

15 frequency axis with spreading factor M 1 . Therefore, the 
radio communication apparatus shown in FIG.1 0 is pro- 
vided with Mi time domain spreaders, and the radio 
communication apparatus shown in FIG. 11 is provided 
with time domain despreaders and RAKE sections. 

20 [0043] First, in the transmitting side radio communi- 
cation apparatus shown in FIG. 10, N digital symbols 1 
through N (serial data stream) shown in FIG.1 are 
spread by the frequency domain spreader 301 by 
means of a first spreading code with spreading factor 

25 m v The post-spreading data of M 1 chips is input to the 
S/P section 1 01 . In the S/P section 101, data of M 1 chips 
input serially is converted to parallel data. By this 
processing, digital symbols 1 through N are spread to 
M 1 chips on the frequency axis, and as a result, chips 1 

30 through M-, are assigned to subcarriers 1 through M v 
respectively, each of a different frequency. 
[0044] The M-, chips converted to parallel form by the 
S/P section 101 are input to the respective correspond- 
ing time domain spreaders. That is, the first chip of each 

35 digital symbol is input to time domain spreader 102-1 , 
the second chip is input to time domain spreader 102-2, 
and so on through to the M^th chip which is input to time 
domain spreader 102-M V 

[0045] In time domain spreaders 102-1 through 
40 102-M 1f chips 1 through M 1 are further spread by means 
of a second spreading code with spreading factor M 2 . 
That is, the digital symbols spread to chips on the 
frequency axis are further spread to M 2 chips on the time 
axis. In other words, each digital symbol is spread by 
45 M.jXM 2 times, that is, times in the frequency domain 
and M 2 times in the time domain. By this means, a par- 
ticular digital symbol is arranged two-dimensionally, dis- 
tributed both on the frequency axis and on the time axis. 
Chips spread by time domain spreaders 102-1 through 
50 102-M-, are input sequentially to the IFFT section 104, 
M 1 in parallel, and undergo IFFT processing. As a result, 
NXM 2 OFDM symbols are generated by the IFFT sec- 
tion 104. 

[0046] For example, if frequency domain spreading 
55 factor Wiy = 4 and time domain spreading factor M 2 = 2, 
the chip arrangement on the frequency axis and time 
axis is as shown in FIG.1 2. That is, digital symbols 1 
through N are arranged sequentially for four chips in the 
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frequency axis direction and for two chips in the time 
axis direction. 

[0047] Also, the OFDM symbol signal pattern gener- 
ated by the IFFT section 1 04 is as shown in FIG.1 3. That 
is, the eight chips into which digital symbol 1 is spread 
are arranged respectively at time to of frequency f1 , time 
to of frequency f2, time tO of frequency f3, time to of fre- 
quency f4, time t1 of frequency f1, time t1 of frequency 
f2, time t1 of frequency f3, and time t1 of frequency f4. 
Similarly, each chip of digital symbols 2 through 8, also, 
is arranged after digital symbol 1 . For example, the chips 
of digital symbol 2 are arranged at time t2 of frequency 
f1 , time t2 of frequency f2, time t2 of frequency f3, time 
t2 of frequency f4, time t3 of frequency f1 , time t3 of fre- 
quency f2, time t3 of frequency f3, and time t3 of fre- 
quency f4. 

[0048] As shown in FIG. 1 2, one chip uses a time width 
of N x T/M 2 and a frequency band width of M 2 x B/N . That 
is, the interval between subcarriers in OFDM symbol 
shown in FIG. 13 is M 2 xB/N. Therefore, the area occu- 
pied by each digital symbol in the time-frequency do- 
main is M 1 xM 2 xTxB, M^M 2 times the area occupied 
by one digital symbol prior to modulation processing. Al- 
so, if M 1 xM 2 =M, the spreading factor in this embodi- 
ment is M times, as in Embodiment 1 . 
[0049] In the receiving side radio communication ap- 
paratus shown in FIG.11, after undergoing radio 
processing, OFDM symbols are input to the FFT section 
203. Signals transmitted by means of subcarriers 1 
through M 1 are then extracted by having FFT process- 
ing performed on the OFDM symbols by the FFT section 
203. Similar processing is performed for NxM 2 OFDM 
symbols received sequentially, and the resulting signals 
are input to time domain despreaders 205-1 through 
205-M^ 

[0050] In time domain despreaders 205-1 through 
205-M 1( despreading processing is carried out on the 
input data by means of the same second spreading code 
(spreading factor M 2 ) used by time domain spreaders 
102-1 through 102-M 1 in the transmitting side radio 
communication apparatus. That is, despreading 
processing is performed in the time domain. After de- 
spreading, the data is RAKE-combined by RAKE sec- 
tions 206-1 through 206-M 1t and then converted to a se- 
rial data stream by the P/S section 207 and input to the 
frequency domain despreader 401 . 
[0051] In the frequency domain despreader 401, de- 
spreading processing is carried out on the input data by 
means of the same first spreading code (spreading fac- 
tor M.,) used by the frequency domain spreader 301 in 
the transmitting side radio communication apparatus. 
By this means, RAKE-combined digital symbols 1 
through N are obtained sequentially. 
[0052] In this embodiment, it is also possible to per- 
form parallel transmission of X digital symbols. In this 
case, the number of time domain spreaders required in 
the transmitting side radio communication apparatus, 
and the number of time domain despreaders and RAKE 



sections required in the receiving side radio communi- 
cation apparatus, is XxM v That is, XxM) subcarriers 
are included in one OFDM symbol. 
[0053] For example, if two digital symbols are trans- 

5 mitted in parallel, the S/P section in the transmitting side 
radio communication apparatus outputs in parallel chips 
of digital symbol 1 and digital symbol 2 spread M 1 times 
respectively. That is to say, 2xM 1 chips are output in 
parallel. As a result, digital symbol 1 and digital symbol 

10 2 are simultaneously spread to M 1 chips each on the 
frequency axis. Then each chip is further spread to M 2 
chips on the time axis by a time domain spreader 102. 
[0054] Therefore, if, for example, frequency domain 
spreading factor M-, = 4 and time domain spreading fac- 

15 tor M 2 = 2, the chip arrangement on the frequency axis 
and time axis is as shown in FIG.1 4. That is, digital sym- 
bols spread to 4x2 chips are arranged in parallel two 
digital symbols at a time on the frequency axis. 
[0055] Also, the OFDM symbol signal pattern gener- 

20 ated by the IFFT section 104 is as shown in FIG. 15. That 
is, the eight chips into which digital symbol 1 is spread 
are arranged respectively at time to of frequency f 1 , time 
tO of frequency f2, time to of frequency f3, time to of fre- 
quency f4, time t1 of frequency f5, time t1 of frequency 

25 f6, time t1 of frequency f7, and time t1 of frequency f8. 
And the chips of digital symbol 2 are arranged at time 
tO of frequency f5, time tO of frequency f6, time tO of fre- 
quency f7, time tO of frequency f8, time t1 of frequency 
f5, time t1 of frequency f6, time t1 of frequency f7, and 

30 time t1 of frequency f8. 

[0056] Thus, in this embodiment, on the transmitting 
side, data (digital symbols) are spread in both the fre- 
quency domain and time domain, after which OFDM 
symbols are generated by IFFT processing. Also, on the 

35 receiving side, despreading is performed in both the fre- 
quency domain and time domain corresponding to 
spreading processing on the transmitting side. By this 
means, the same kind of effect is obtained as with Em- 
bodiment 1. 

40 [0057] Also, in this embodiment, it is possible to per- 
form spreading in the time axis direction individually for 
each of frequencies f1 through f8, or to form groups of 
close frequencies and perform this spreading individu- 
ally for each group. For instance, by grouping f1, f3, f5, 

45 and f7 into one group, and f2, f4, f6, and f8 into one 
group, and performing spreading in the time axis direc- 
tion for each group, the same digital symbol occurs twice 
in succession in the time axis direction, and occurs in 
alternating fashion in the frequency axis direction, as 

50 shown in FIG. 1 6, for example. In this way, it is possible 
to maintain the effect of reduced inter-code interference 
when using orthogonal codes for spreading. Moreover, 
the greater the separation of the frequencies of the car- 
riers on which the same digital symbol is arranged, the 

55 higher is the frequency diversity effect, and the nearer 
frequencies are made to approach, the greater is the 
effect of reduced inter-code interference. 
[0058] In this embodiment, time domain spreading 
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processing is performed after frequency domain 
spreading processing. However, this order may be re- 
versed. That is to say, a particular digital symbol can still 
be arranged two-dimensionaily, distributed on the fre- 
quency axis and time axis, if frequency domain spread- 
ing processing is performed after time domain spread- 
ing processing. 

(Embodiment 3) 

[0059] In this embodiment, after data has been 
spread in both the frequency domain and time domain, 
post-spreading chips are further shifted step-wise in the 
carrier frequency upward or downward direction on the 
frequency axis, changing the arrangement. 
[0060] FIG. 17 is a block diagram showing the config- 
uration of the transmitting side in a radio communication 
apparatus according to Embodiment 3 of the present in- 
vention. The transmitting side radio communication ap- 
paratus shown in FIG. 17 is configured with the further 
provision of a rearranging section 103 as described in 
Embodiment 1 between time domain spreaders 102-1 
through 102-1^ and IFFT section 104 of a radio com- 
munication apparatus according to Embodiment 2 (FIG. 
10). Parts in FIG.17 identical to those in Embodiment 1 
(FIG.6) or Embodiment 2 (FIG. 10) are assigned the 
same codes as in FIG.6 or FIG. 10 and their detailed ex- 
planations are omitted. 

[0061] FIG. 18 is a block diagram showing the config- 
uration of the receiving side in a radio communication 
apparatus according to Embodiment 3 of the present in- 
vention. The receiving side radio communication appa- 
ratus shown in FIG. 18 is configured with the further pro- 
vision of an arrangement restoration section 204 as de- 
scribed in Embodiment 1 between the FFT section 203 
and time domain despreaders 205-1 through 205-1^ of 
a radio communication apparatus according to Embod- 
iment 2 (FIG.11). Parts in FIG. 18 identical to those in 
Embodiment 1 (FIG.7) or Embodiment 2 (FIG.11) are 
assigned the same codes as in FIG.7 or FIG.11 and their 
detailed explanations are omitted. 
[0062] In the transmitting side radio communication 
apparatus shown in FIG.17, digital symbols are spread 
in both the frequency domain and time domain, as de- 
scribed in Embodiment 2, and further, chips are rear- 
ranged by the rearranging section 103 as described in 
Embodiment 1. 

[0063] For example, by performing spreading 
processing in both the frequency domain and time do- 
main with frequency domain spreading factor M 1 = 2 and 
time domain spreading factor M 2 = 4, and then perform- 
ing shift processing in the frequency axis direction (up- 
ward direction) by means of the rearranging section 1 03, 
the resulting OFDM symbol signal pattern is as shown 
in FIG. 19. Here, a case is shown where four digital sym- 
bols are transmitted in parallel. 
[0064] Also, in the receiving side radio communica- 
tion apparatus shown in FIG. 18, data that has under- 
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gone a Fourier transform is restored by the arrangement 
restoration section 204 to its arrangement prior to being 
rearranged by the rearranging section 103, and is then 
despread in both the frequency domain and time do- 
5 main. 

[0065] Thus, in this embodiment, after data has been 
spread in both the frequency domain and time domain, 
post-spreading chips are further rearranged on the fre- 
quency axis. By this means, the frequency diversity ef- 
fect can be increased to a greater extent than in Embod- 
iment 1 or Embodiment 2. 

(Embodiment 4) 

[0066] In this embodiment, when a particular data 
item is arranged two-dimensionally, distributed on the 
frequency axis and time axis, post-spreading chips are 
arranged irregularly both on the frequency axis and on 
the time axis. 

[0067] FIG.20 is a block diagram showing the config- 
uration of the transmitting side in a radio communication 
apparatus according to Embodiment 4 of the present in- 
vention. The transmitting side radio communication ap- 
paratus shown in FIG.20 comprises a spreader 501, 
chip interleaver 502, S/P section 101, 1 FFT section 104, 
radio transmitting section 105, and antenna 106. Parts 
in FIG.20 identical to those in Embodiment 1 (FIG.6) are 
assigned the same codes as in FIG.6 and their detailed 
explanations are omitted. 

[0068] FIG.21 is a block diagram showing the config- 
uration of the receiving side in a radio communication 
apparatus according to Embodiment 4 of the present in- 
vention. The receiving side radio communication appa- 
ratus shown in FIG.21 comprises an antenna 201 , radio 
receiving section 202, FFT section 203, P/S section 207, 
chip de-interleaver 601, and despreader 602. Parts in 
FIG.21 identical to those in Embodiment 1 (FIG.7) are 
assigned the same codes as in FIG.7 and their detailed 
explanations are omitted. 

[0069] In the transmitting side radio communication 
apparatus shown in FIG.20, N digital symbols 1 through 
N (serial data stream) are spread by the spreader 501 
by means of a spreading code with spreading factor M. 
Following spreading, chips are input sequentially to the 
chip interleaver 502. By this means, NxM chips are 
stored in the chip interleaver 502. 
[0070] In the chip interleaver 502, chip interleaving 
(rearrangement of the chip series) with a predetermined 
pattern is performed so that chips are arranged irregu- 
larly both on the frequency axis and on the time axis, as 
shown in FIG.22 for example. By this means, M chips 
of a particular digital symbol are arranged irregularly 
both on the frequency axis and on the time axis. After 
chip interleaving processing, chips are input to the S/P 
section and converted to parallel form. 
[0071] In the receiving side radio communication ap- 
paratus shown in FIG.21, following P/S conversion 
chips are input to the chip de-interleaver 601 . In the chip 
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de-interleaver 601, rearrangement is performed that is 
the reverse of the rearrangement carried out by the chip 
interleaver 502 on the transmitting side. As a result of 
this chip de-interleaving, the chip series is restored to 
what it was prior to rearrangement by the chip interleav- 5 
er 502. Following chip de-interleaving, chips are input 
to the despreader 602, and are despread using the 
same spreading code (spreading factor M) as was used 
by the spreader 501 on the transmitting side. 
[0072] Thus, in this embodiment, chip interleaving is 10 
carried out whereby, following spreading, chips are ar- 
ranged irregularly both on the frequency axis and on the 
time axis. By this means, both the frequency diversity 
effect and path diversity effect can be increased to a 
greater extent than in Embodiment 1 or Embodiment 2. 15 
[0073] Also, by changing the interleaving pattern for 
each sector, it is possible to reduce interference that oc- 
curs between adjacent sectors. Moreover, by changing 
the interleaving pattern for each communicating partner, 
the SIR (Signal to Interference Ratio) is averaged and 20 
errors arising in a transmission path can be further dis- 
persed, enabling the effect of error correction to be in- 
creased. 

(Embodiment 5) 25 

[0074] In this embodiment, OFDM symbols are gen- 
erated without assigning a chip component to a subcar- 
rier with poor channel quality in an FDD (Frequency Di- 
vision Duplex) communication system. 30 
[0075] FIG. 23 is a block diagram showing the config- 
uration of a radio communication apparatus according 
to Embodiment 5 of the present invention. Parts in FIG. 
23 identical to those in Embodiment 2 (FIG. 10 and FIG. 
11) are assigned the same codes as in FIG. 10 or FIG. 35 
11 and their detailed explanations are omitted. 
[0076] The radio communication apparatus shown in 
FIG.23 is a radio communication apparatus used in an 
FDD communication system. A communicating partner 
radio communication apparatus that communicates with 40 
this radio communication apparatus also has the same 
configuration. 

[0077] In the radio communication apparatus shown 
in FIG.23, the transmitting side comprises, in addition to 
the configuration shown in FIG. 10, a multiplexer 701, 45 
chip thinning-out section 702, and insertion sections 
703-1 through 703-M^ and the receiving side compris- 
es, in addition to the configuration shown in FIG. 11, 
channel estimators 704-1 through 704-M 1 and a sepa- 
rator 705. 50 
[0078] With this configuration, OFDM symbols from a 
communicating partner received at the receiving side 
undergo FFT processing by the FFT section 203, fol- 
lowed by input to channel estimators 704-1 through 
704^ for each subcarrier component. In channel es- 55 
timators 704-1 through 704-M 1? the channel quality of 
each subcarrier is estimated using a pilot signal inserted 
in each subcarrier. Pilot signals for performing channel 



estimation are pilot signals of fixed power inserted by 
insertion sections 703-1 through 703^ on the commu- 
nicating partner's transmitting side. 
[0079] Since, with the FDD method, signals are trans- 
mitted and received using different frequency bands on 
the transmit channel and receive channel, it is not pos- 
sible for an apparatus to ascertain how a signal it has 
transmitted has arrived at the communicating partner. 
Neither is it possible for the communicating partner to 
ascertain how a signal it has transmitted has arrived at 
the apparatus. It is therefore necessary for channel es- 
timation information to be provided by each communi- 
cating partner to the other. 

[0080] A value (for example, amplitude fluctuation or 
phase fluctuation) indicating the channel quality of the 
receive channel estimated by channel estimators 704-1 
through 704-M-, is input to the multiplexer 701. In the 
multiplexer 701 , channel estimation information is mul- 
tiplexed on digital symbols. By this means, channel es- 
timation information for a signal received by this appa- 
ratus is transmitted to the communicating partner, and 
the communicating partner can be informed the channel 
quality of the signal it transmitted (i.e., the propagation 
path conditions). 

[0081] On the receiving side, channel estimation in- 
formation for each subcarrier transmitted from a com- 
municating partner is separated by the separator 705, 
and input to the chip thinning-out section 702. In the chip 
thinning-out section 702, the chip components of sub- 
carriers with poor channel quality are thinned out in ac- 
cordance with this channel estimation information for 
the transmit channel. That is, of the chips output from 
frequency domain spreader 301, chip components as- 
signed to subcarriers whose amplitude fluctuation or 
phase fluctuation is equal to or greater than a predeter- 
mined threshold value are thinned out. Therefore, a sig- 
nal is not transmitted on a subcarrier with poor channel 
quality. 

[0082] Thus, in this embodiment, OFDM symbols are 
generated without assigning a chip component to a sub- 
carrier with poor channel quality in an FDD communica- 
tion system. That is to say, a signal is not transmitted on 
a subcarrier with poor channel quality. By this means, 
interference with other users can be reduced when a 
plurality of users' signals are code division multiplexed 
on each subcarrier. 

[0083] Also, in this embodiment, although transmis- 
sion characteristics are somewhat degraded by the thin- 
ning-out of chip components, this can be adequately 
compensated for by means of error correcting codes, 
etc. 

(Embodiment 6) 

[0084] In this embodiment, OFDM symbols are gen- 
erated without assigning a chip component to a subcar- 
rier with poor channel quality in a TDD (Time Division 
Duplex) communication system. 
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